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Background: Elderly adults are at a higher risk of functional decline and malnutrition, especially those
who are hospitalized. The aim of this study was to investigate the impact of serum albumin levels on
functional status and hospital outcome in oldest-old inpatients.
Methods: All the acutely ill patients aged more than 75 years admitted to the medical center in North
Taiwan from March to July in 2009 were included and their medical data were reviewed.
Results: A total of 2804 admissions were included with the mean age of patients being 82.0 ± 5.4 years.
The mean activity of daily living score is 1.5 ± 1.9 in the severe hypoalbuminemia group, 2.3 ± 2.2 in the
mild hypoalbuminemia group, and 3.8 ± 2.3 in the normal albumin level group (p < 0.01). The average
length of hospital stay is 18.8 ± 16.0 days in the severe hypoalbuminemia group, 12.8 ± 12.6 days in the
mild hypoalbuminemia group, and 9.5 ± 9.8 days in the normal albumin level group (p < 0.01). The in-
hospital mortality rate is 25.8% in the severe hypoalbuminemia group, 6.6% in the mild hypoalbuminemia
group, and 2.0% in the normal albumin level group (p < 0.01). Compared with the normal albumin group,
the adjusted odds ratios of albumin level associated with in-hospital mortality were 3.9 (2.4e6.3) in the
mild hypoalbuminemia group and 17.4 (10.4e28.8) in the severe hypoalbuminemia group.
Conclusion: In this admission database study of oldest-old patients, lower albumin level was statistically
signiﬁcantly (p < 0.01) correlated with poorer functional status, longer length of hospital stay, and higher
in-hospital mortality rate.
Copyright © 2015, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
In recent decades, life expectancy in Taiwan has considerably
increased due to signiﬁcant improvements in medical and public
health policies. The proportion of people aged older than 65 years is
growingmuch faster than any other age group, accounting for 11.2%
of people in Taiwan. It is estimated that this proportionwill grow up
to 20.6% by 20261. Aging population have a profound inﬂuence on
health-care management, contributing as much as 34.4% to the
total medical expenditure in Taiwan. Thus, the health-care problem
in this population group is becoming a serious issue for our
society2e4.re that they have no conﬂicts
of Family Medicine, Mackay
North Road, Taipei, Taiwan.
ng).
tric Emergency & Critical Care MeDaily functional decline2 and malnutrition5,6, especially in
hospitalized patients, are often associated with a worse outcome.
Studies have emphasized the correlation between poor nutritional
status and higher incidence of mortality and prolonged hospital
stay. Serum albumin is widely used as a biomarker of nutritional
status2,4,7. However, there are no hospital-based data conﬁrming
the correlation between albumin level, functional status, and in-
hospital mortality rate among elderly individuals in Taiwan. The
primary goal of our study is to investigate the relationship between
serum albumin levels and functional status, length of hospital stay,
and in-hospital mortality in oldest-old inpatients.2. Materials and methods
2.1. Participants
This study is a retrospective analysis of an admission database
from a medical center in North Taiwan. The “oldest-old” categorydicine. Published by Elsevier Taiwan LLC. All rights reserved.
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old patients admitted to our hospital either from emergency
room or outpatient clinic between March and July 2009 were
included in this analysis1.
2.2. Methods
The study is a retrospective analysis and the data were from the
North Taiwan medical center data pool1.
On admission, comprehensive physical examinations and
functional status assessment were performed by well-trained
physician and nurses. Functional status was assessed according to
the Katz activities of daily living (ADL) score8,9, including patients'
abilities to perform daily living activities. Six parameters were
assessed including dressing, bathing, toileting, bladder continence,
feeding, and transferring. For each item, Score 1 indicates inde-
pendence and Score 0 indicates dependence. A score of 6 indicates
full function, 4 indicates moderate impairment, and 2 or less in-
dicates severe functional impairment. Blood samples were ob-
tained after fasting for 8 hours, and within 24 hours of hospital
admission routine admission procedures including evaluation of
liver function (alanine aminotransferase), renal function (creati-
nine), electrolytes, complete blood cell count, hemoglobin,
cholesterol, and albumin levels were performed1,10.
The diagnostic codes were based on the International Classiﬁ-
cation of Diseases, 9th Revision Clinical Modiﬁcation. Five main
discharge diagnoses were selected for each patient.
Albumin levels were categorized into three groups according to
the literature11,12 as follows: severe hypoalbuminemia (<2.5 g/L),
mild hypoalbuminemia (2.5e3.5 g/L), and normal albumin level
(>3.5 g/L). The main outcomes were the length of hospital stay and
in-hospital mortality rate1,10,13,14.
The study was conducted in accordance with the ethical prin-
ciples outlined in the Declaration of Helsinki. The Scientiﬁc
Research Ethics Committee of the study hospital approved the
study protocol. We were not able to obtain formal informed con-
sent from the patients because of the unique study design.
2.3. Statistical analysis
Statistical analyses were performed using SPSS 20 (SPSS Inc.,
Chicago, IL, USA). Continuous variables such as ADL score and
length of hospital stay were expressed as mean (standard devia-
tion). Analysis of variance was used to analyze the relationship
between serum albumin concentrations and functional perfor-
mance and length of hospital stay; the Chi-square test was used toTable 1
Demographic and basic characteristics of the study sample aged 75e105 years admitted
Characteristics Normal albumin level Mild hypoalbu
Number (%) or mean ± SD Number (%) or
Total no. of participants 803 (28.6) 1637 (58.4)
Age (yr) 80.6 ± 4.7 80.6 ± 4.7
Length of stay (d) 9.7 ± 10.5 13.3 ± 13.2
Hemoglobin (g/dL) 12.0 ± 2.2 10.9 ± 2.3
Total cholesterol (g/dL) 175.5 ± 38.6 146.5 ± 41.5
Mean albumin level (g/dL) 3.9 ± 0.3 3.1 ± 0.3
Mean ADL score 3.8 ± 2.3 2.3 ± 2.2
The discharge diagnosis codes
Cardiovascular diseases 356 (44.3) 679 (41.5)
Respiratory diseases 133 (16.6) 575 (35.1)
Gastroenteric diseases 189 (23.5) 484 (29.6)
Cancer diseases 175 (21.8) 302 (18.4)
Sepsis 24 (3.0) 244 (14.9)
ADL ¼ activities of daily living; SD ¼ standard deviation.
a Values for continuous characteristics were expressed as mean (SD).analyze the differences in in-hospital mortality rate between
different albumin groups. To investigate the relationship of serum
albumin concentration with functional performance and in-
hospital mortality rate, multiple logistic regression analysis was
used. Results are presented as odds ratios with 95% conﬁdence
interval. Statistical signiﬁcance was set at p < 0.05.
3. Results
A total of 2804 oldest-old patients were identiﬁed and included
for analysis: 1378 (49.1%) of theseweremale and 1426 (50.9%) were
female patients, with the mean age of 82.0 ± 5.4 years. The mean
length of hospital staywas 12.4 ± 12.5 days, themean albumin level
(g/dL) was 3.21 ± 0.57, the mean ADL level was 2.64 ± 2.33, and the
overall in-hospital mortality rate was 7.8%. The characteristics of
the study participants and their discharge diagnosis codes, strati-
ﬁed by albumin level, are presented in Table 1. Cardiovascular
disease (40.9%) and respiratory disease (30.9%) accounted for the
largest proportion.
The functional status and hospital outcomes in different albu-
min level groups are presented in Table 2. Among 2804 patients,
803 (28.6%) had normal albumin level, 1637 (58.4%) had mild
hypoalbuminemia, and 364 (13.0%) had severe hypoalbuminemia.
There was a statistically signiﬁcant difference in mean ADL
score, length of hospital stay, and in-hospital mortality rate among
different albumin groups (p < 0.01) and the results are presented in
Table 2. We also found hypoalbuminemia to be a dose-dependent
risk factor for hospital outcome.
Table 2 also demonstrates the adjusted odds ratios of albumin
level associated with in-hospital mortality after controlling for
potential confounders, including age, sexes, anemic condition, and
cholesterol level. There was a positive association between albumin
level and in-hospital mortality rate in an adjusted regression
model.
4. Discussion
There was a high prevalence of malnutrition in hospitalized
patients, especially in oldest-old inpatients2,15,16. Several studies
have emphasized the association between poor nutritional status
and higher incidences of mortality and length of hospital
stay2,7,15,16.
Serum albumin is a widely used biomarker of nutritional sta-
tus10,16,17. Although several studies explored the relationship be-
tween albumin levels and functional status and in-hospital
mortality10,18e20, to the best of our knowledge, in Taiwan, this isto a medical center by albumin level.a
minemia Severe hypoalbuminemia Total
mean ± SD Number (%) or mean ± SD Number (%) or mean ± SD
364 (13.0) 2804 (100)
82.5 ± 5.6 82.0 ± 5.4
17.7 ± 15.6 12.7 ± 13.1
10.0 ± 2.2 10.8 ± 2.0
117.8 ± 46.6 154.0 ± 44.6
2.3 ± 0.2 3.2 ± 0.6
1.5 ± 1.9 2.6 ± 2.3
113 (31.0) 1148 (40.9)
159 (43.7) 867 (30.9)
99 (27.2) 772 (27.5)
82 (22.5) 559 (19.9)
81 (22.3) 349 (12.4)
Table 2
Mean ADL score, length of hospital stay, in-hospital mortality rate, and adjusted ORs of albumin level associated with in-hospital mortality in different albumin level groups
(N ¼ 2804).
Variables Normal albumin level
(N ¼ 803)
Mild hypoalbuminemia
(N ¼ 1637)
Severe hypoalbuminemia
(N ¼ 364)
p
Mean ADL score 3.8 ± 2.3 2.3 ± 2.2 1.5 ± 1.9 <0.01
Length of stay (d) 9.5 ± 9.8 12.8 ± 12.6 18.8 ± 16.0 <0.01
In-hospital mortality rate (%) 2.0 6.6 25.8 <0.01
Adjusted ORs of albumin level associated with in-hospital
mortality
1.0 3.9 (2.4e6.3) 17.4 (10.4e28.8) <0.01
Odds ratios were expressed after controlling for potential confounders, including age, sex, anemic condition and cholesterol level.
ADL ¼ activities of daily living; OR ¼ odds ratios.
H.-Y. Hsu et al.222the ﬁrst study analyzing the relationship between albumin levels
recorded during admission and functional status, length of hospital
stay, and in-hospital mortality.
Previous studies have mainly investigated the correlation be-
tween albumin level and mortality. However, a limited number of
studies had directly analyzed the correlation between serum al-
bumin level and functional status13,20,21. Corti et al13 evaluated the
role of albumin level in combination with physical disability status
in predicting mortality in older persons, and reported that
decreasing serum albumin and physical disability were associated
with mortality13. In our study, we found a signiﬁcant correlation
between albumin level and ADL score, length of hospital stay, and
in-hospital mortality rate. Lower albumin level, indicating more
malnutrition status, was found to correlate with poorer functional
status and hospital outcomes, and this was statistically signiﬁcant
(p < 0.01). Compared to those patients with normal albumin level,
there was a 3.9-fold increased risk of mortality in the mild hypo-
albuminemia group, and up to 17.4-fold increased risk of mortality
for patients with severe hypoalbuminemia19,22. Multivariate anal-
ysis revealed that albumin level was an independent factor asso-
ciated with functional status, the length of hospital stay, and in-
hospital mortality rate.
The malnutrition status has been recognized as a potential
factor in the development of hypoalbuminemia for a long time.
Serum albumin may provide a direct protective effect and has
played multiple and important roles in maintaining physiologic
homeostasis. Therefore, physiologic homeostatic function may be
affected by decreased serum albumin levels, resulting in the
development and/or progression of pathologic processes12,23,24.
Concerning the correlation between functional status and serum
albumin level, it is still unclear whether a low serum albumin level
decreases functional status or impaired functional status decreases
the serum albumin level. Mechanism underlying this association
has not yet been fully elucidated24.
One of the advantages of this study is that it included a multi-
faceted assessment of the independent relationships between al-
bumin level, functional status, and in-hospital mortality using
multiple logistic regressionmodels and adjusting for relative factors.
Our study has some limitations that are worth mentioning. The
changes of the albumin level may depend on diseases, such as liver,
renal, trauma, or infectious diseases. Our study was not well
controlled and adjusted by disease-related changes of albumin
level7,19. Another limitation is that the study data are only from a
single medical center in North Taiwan and these may not be a
representative of all similar institutions.
In conclusion, the analyzed records from a large database of
oldest-old patients admitted to a medical center in North Taiwan
indicated that the admitted elderly patients with hypoalbuminemia
have a lower capacity to perform physical, self-dependent functions
and higher risk of in-hospital mortality.References
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